High concentrations of the compatible solute glycinebetaine destabilize model membranes under stress conditions.
Compatible solutes are accumulated by diverse organisms in response to environmental stresses such as drought, salt, or cold. Glycinebetaine (Bet) is such a solute that is accumulated by many plants and microorganisms to high concentrations under stress conditions. It is an osmoprotectant in bacteria and stabilizes both soluble and peripherally membrane-bound proteins in vitro. Here, the effects of Bet on the stability of model lipid membranes are compared to the effects of two other compatible solutes, sucrose and trehalose. Both in the presence of 1M NaCl and during freezing to -20 degrees C, Bet is highly destabilizing to liposomes containing nonbilayer lipids, while the disaccharides are either protective or, in some cases, much less destabilizing. The destabilizing effect of Bet is more pronounced in membranes containing the nonbilayer galactolipid monogalactosyldiacylglycerol from plant chloroplasts than in membranes containing the nonbilayer phospholipid phosphatidylethanolamine. The most dramatic differences between the sugars and Bet were observed in liposomes made from a combination of lipids resembling plant chloroplast thylakoid membranes. Measurements with the dye merocyanine 540 indicate that the water-membrane interface was affected in opposite directions by the presence of high concentrations of sucrose or Bet. The dynamics of the lipids, however, were not differentially affected by the solutes, making direct solute-lipid interactions an unlikely explanation for the different effects on stability. The data offer an explanation, why Bet at high concentrations achieved during exogenous feeding of leaf tissues can be detrimental to cellular stability and survival under stress, while bacterial membranes that contain phosphatidylethanolamine instead of monogalactosyldiacylglycerol, or cyanobacteria that contain highly saturated monogalactosyldiacylglycerol are less susceptible.